In order to study the effect of cement-sand ratio on the dynamic mechanical properties of the full tailings cemented backfilling, three sets of full tailings cemented backfilling specimens with different cement-sand ratios were prefabricated. e uniaxial impact of the prefabricated specimens was performed by the V50 mm SHPB test system. Test results showed that full tailings cemented backfilling had strong reflection and damping effects on elastic wave propagation. At lower strain rates, specimens presented strength hardening, and at higher strain rates, the test specimens presented rapid-softening strength; the strength-hardened specimen reached the peak stress at 40 μs, and the softening specimen reached the peak stress at about 18 μs; with the increase of strain rate, dynamic compressive strength, growth factor of dynamic strength, peak strain, and dynamic-static strain ratio of specimens increased totally. When the cement-sand ratio increased, ultimate dynamic compressive strength, limit dynamic strength growth factor, and ultimate peak strain of the specimen were higher; at the same strain rate, with the increase of cement content, the dynamic compressive strength, dynamic strength growth factor, and dynamic-static strain ratio of the test piece all decreased. e failure mode of the specimen was crushing failure. Under the same strain rate, when the cement content decreased, there was a higher damage degree of specimens.
Introduction
Filling mining method has the advantages of high recovery rate, high safety, and low pollution degree, which has been widely used in underground mines at home and abroad [1] [2] [3] .
e full tailings cemented backfilling is a commonly used filling material in metal mine. According to the characteristics of the mining process, it is vital to grasp the dynamic mechanical characteristics of the cemented backfilling for filling mining technology [4] . Many scholars have conducted relevant research studies on the dynamic and static mechanical properties of full tailings cemented backfilling. Xue [5] carried out quasistatic uniaxial compression and splitting tests on the full tailings cemented backfilling of Huangmeiling Mine and studied the quasistatic mechanical properties of the full tailings cemented backfilling. Dong [6] conducted an onsite blasting vibration test on the backfill body and studied the damage law of the backfill under blasting vibration. Zhixiang et al. [7] analyzed the deformation and damage characteristics of different proportions of backfills and established the damage of different filling backfills. Structural equations were studied to investigate the deformation, damage, and energy release of different filling ratios. However, there are certain limitations in these studies. For instance, the cement-sand ratio of the backfills was relatively single, and the dynamic load was small in the literature [4] [5] [6] . e literature [7] could not reflect mechanical properties of the full tailings cemented backfilling at high strain rates. In this paper, the relationship between the dynamic stress-strain rate of the material was studied by using the split-Hopkinson pressure bar (SHPB) [8] [9] [10] . In order to study the effect of cement-sand ratio on the dynamic mechanical properties of the full tailings cemented backfilling, three sets of full tailings cemented backfilling specimens with different cement-sand ratio were prefabricated, and uniaxial impact tests were performed on precast specimens by V50 mm SHPB test system, so as to investigate the dynamic mechanical properties of specimens at high strain rates.
SHPB Test Principle
e split-Hopkinson pressure bar (SHPB) was developed by Hopkinson [11] and further improved by Kolsky [12] to test the strength of materials at high strain rates from 101 to 104 s. Li et al. [13] developed a cone-shaped striker which could produce a well-repeatable and slow-rising half-sine wave to reduce high frequency oscillations, minimize the dispersion effect, and overcome the premature failure for brittle materials. Due to its easy operation and relatively accurate results, it was suggested as a standard testing method for dynamic properties of rock materials including dynamic compressive and tensile strengths, as well as mode I fracture toughness by the International Society for Rock Mechanics [14] . Figure 1 is a schematic diagram of the SHPB compression test principle. e test system consists of a launcher, a punch, an entrance rod (density: 7.810 g/cm 3 , elastic wave velocity: 5410 m/s, and wave impedance: 4.23 × 107 kg·m
), and transmissive rod, etc.
e test sample was sandwiched between the incident rod and the transmissive rod. e punch hit the incident rod under the action of high pressure, and a stress pulse (σ I (t)) was generated at the end of the incident rod. Under the condition of onedimensional stress propagation, the stress pulse, namely, the elastic stress incident wave, propagated forward at the wave velocity C 0 in the entrance rod. e reflection stress pulse (σ R (t)) and a transmission stress pulse (σ T (t)) were generated in the entrance rod and the transmission rod after contacting the sample. Besides, the incident strain (ε I (t)) and the reflection strain (ε R (t)) were generated at the end of the specimen, and the transmission strain (ε T (t)) was produced by the transmitted rod simultaneously. e dynamic stress (σ s (t)), strain rate (_ ε s (t)), and strain (ε s (t)) of the specimen were related to each strain as shown in the following equations:
where A is the cross-sectional area of the incident rod; A s is the cross-sectional area of the specimen; E is the elastic modulus of the plunger; and l s is the thickness of the specimen. According to the one-dimensional stress assumption, when the sample stress reaches the equilibrium, Equation (4) is obtained as
Subsequently, Equation (1)∼(3) can be simplified as
Test Materials and Equipment
Full tailings of an iron ore mine in Hebei Province was taken as the aggregate of samples. e proportion of particles below 0.075 mm in tailings was 69.1%, and the median diameter d 50 (mm) was 0.049. 525# Portland cement was used as a gelling agent whose mass concentration was 72%.
e cement-sand ratio was 1 : 4, 1 : 6, and 1 : 8, respectively. Figure 2 shows a sketch of the specimen. e basic physical and mechanics parameters of the full tailings cement block are shown in Table 1 .
Mechanical Test Results and Analysis
In rock dynamics, the growth factor of dynamic strength K and the dynamic-static strain ratio P are often used to quantify the strength variation of the specimen under dynamic and static load conditions [15] . Expressions of K and P are given by Equations (6) and (7) as follows. ese two indicators were also used to assist the analysis in this test result:
where K is the growth factor of dynamic strength; P is the dynamic-static strain ratio; σ s is the dynamic compressive strength of the sample; σ is the static compressive strength of the sample; and ε s and ε are the maximum strains of the sample under dynamic load and static load, respectively.
SHPB Original Waveform.
e typical incident wave, reflected wave, and transmitted wave waveform obtained by the test recorder are shown in Figure 3 . From the original waveform diagram, it can be seen basically that the amplitude of the incident wave and the reflected wave is approximately equal with opposite directions, while the amplitude of the transmitted wave is relatively small. Wave impedance theory can explain this phenomenon clearly [16] . When an elastic wave was incident on a low-wave impedance material from a high-wave impedance material, the reflected wave and the incident wave were different in sign, and the transmitted wave had a smaller magnitude of stress amplitude than that of the incident wave. Namely, the stress wave was transmitted from the hard material to the soft material.
e incident wave impedance of the rod (4.23 × 107 kg·m −2 ·s −1 ) was much larger than that of the full tail cement specimen, while the stress amplitude of transmitted wave was much smaller than that of the incident wave. Figure 3 illustrates that full tailings cemented backfilling test specimen has a strong damping effect on the elastic wave propagation. 
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Cross section of the bar Table 2 . Typical stress-strain curves in the tests are shown in Figure 4. 
Dynamic Properties of Specimens.
e test results in Table 2 were extracted and fitted, as shown in Figures 5-8 . e relationship between the dynamic compressive strength and the strain rate of proportioned specimens has a similar pattern. Test results of specimens in group A are analyzed as an example.
(1) e stress-strain curve of specimens was different from general brittle materials [17, 18] . e stressstrain curve generally had several stress peaks. At a lower strain rate, the specimen presented dynamic strength hardening. Namely, after reaching stress A, a small part of the specimen began to fail and the stress began to decrease slightly. Meanwhile, the other part of the microcracks was gradually compacted and the stress gradually rose again to the true peak value of stress B. After several "damage-compacting" oscillations, the specimen finally failed, as shown in Figure 4 (a). At higher strain rates, the specimen showed a rapid softening of the dynamic strength [19] . Namely, under the impact load, when the stress reached the stress peak quickly, most of the specimen began to break with the rapid decrease of the stress. At the same time, compaction process occurred in the other parts, and the stress rose slightly. After several waveform oscillation processes, the sample was damaged finally, as shown in Figure 4 (b). From Table 2 , it can be seen that all strength-hardened specimens reach peak stress after 40 μs, and all strength accelerating softening specimens reach peak stress around 18 μs.
(2) From Table 2 , it can be seen that, the dynamic compressive strength increases with the increase of the strain rate in the initial stage. When the strain rate reaches 266 s −1 , the dynamic compressive strength σ A reaches the maximum, σ A of 17.27 MPa, while with the increasing strain rate, it decreases. e stress-strain rate fitting curve is shown in Figure 5 , and the fitting relationship is obtained in the following equation:
(3) Figure 6 illustrates that the growth factor of dynamic strength K A increases significantly with the increasing strain rate. K Amax is 6.28, which means that the dynamic compressive strength is 6.28 times than the static compressive strength, while the general dynamic growth factor of the rock is only 1.2-2.5 or so [20] . e fitting curve of dynamic strength growth factor and strain rate is shown in Figure 6 , and the fitting relationship is described in the following equation:
(4) Figure 7 indicates that as the strain rate increases, the peak strain ε A of all specimens has a linear increasing trend with the limit peak strain ε A of 0.0274. Comparing Table 1 and Table 2 , maximum dynamic strain is less than the maximum quasistatic strain, and the dynamic-static strain ratio P A increases with the increase of strain rate, P A max � 0.5. Besides, the fitting curve of maximum dynamicstatic strain ratio and strain rate is shown in Figure 8 , and the fitting relationship is described in the following equation: 
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ε A � 7 × 10 −5 _ ε + 0.004, P A � 0.0013_ ε + 0.0744.(10)
Effect of Cement-Sand Ratio on Dynamic Mechanical Properties of Specimen
(1) Figure 5 indicates that the greater the cement content (cement-sand ratio), the greater the ultimate dynamic compressive strength σ max of the specimen and the greater the strain rate corresponding to σ max ; at the same strain rate, the dynamic compressive strength of the specimen decreases with increasing cement content. Figure 6 shows that the larger the cement content, the larger the growth factor of limit dynamic strength K max of the specimen and the larger the strain rate corresponding to K max ; at the same strain rate, the K value of the specimen decreases with the increasing cement content. (2) Figure 7 shows that the larger the cement content, the larger the limit dynamic strain ε max of the specimen Advances in Civil Engineeringand the greater the strain rate corresponding to ε max ; at the same strain rate, the peak strain ε of the specimen increases as the cement content increases. Figure 8 shows that the greater the cement content, the smaller the maximum dynamic and static strain ratio P max of the specimen; at the same strain rate, the dynamic and static strain ratio P of the specimen decreases as the cement content increases. (3) As shown in Figure 9 , as a whole, the failure mode of the test block is crush damage, which is similar to the damage form of low-strength concrete [17] . At the same strain rate, the lesser the cement content, the higher the damage degree of the test block. Taking the strain rate of 56s −1 as an example, when cementsand ratio was 1 : 4, the specimen was situated in a critical failure state, and the specimen presented chapping failure in the axial direction (Figure 9(a) ); when the cement-sand ratio was 1 : 6, the number of fragments in specimens relatively increased and a small amount of powder was presented (Figure 9(b) ). When the cement-sand ratio was 1 : 6, most of the specimens were completely pressed into powders with few small particles (Figure 9(c) ).
Conclusions
In order to study the effect of cement-sand ratio on the dynamic mechanical properties of the full tailings cemented backfilling, three sets of full tailings cemented backfilling specimens with different cement-sand ratio were prefabricated. Uniaxial impact tests were performed on precast specimens by the V50 mm SHPB test system. Conclusions are obtained as follows:
(1) According to the original waveform diagram of SHPB, the full tailings cemented backfilling had strong reflection and damping effects on elastic wave propagation. (2) Stress-strain curves of the specimen were divided into two types: hardening and softening. At lower strain rates, specimens presented strength hardening; at higher strain rates, the specimens showed rapid-softening strength. e strengthhardened specimen reached its peak stress after 40 μs, and the strength-accelerating softening specimen reached peak stress at about 18 μs; e dynamic compressive strength, growth factor of dynamic strength, peak strain, and dynamic-static strain ratio of the specimen increased with the increasing strain rate. (3) e higher the cement content (cement-sand ratio), the greater the ultimate dynamic compressive strength, the limit dynamic strength growth factor, and the ultimate peak strain of the specimen; at the same strain rate, the dynamic compressive strength, growth factor of dynamic strength, and dynamicstrain ratio of the specimen decreased with increasing cement content. e failure mode of the specimen was crush damage. Under the same strain rate, lesser the cement content, the higher the damage degree of the specimen.
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